Abstract. In colorectal cancer (CRC), KRAS and BRAF mutations in primary tumors are associated with resistance to anti-epidermal growth factor receptor (anti-EGFR)-based therapies. However, the correlation between KRAS/BRAF mutation in primary tumors and serum has not been well studied. To evaluate the degree of concordance of KRAS/BRAF mutations between the primary tumors and the matched serum samples in CRC, serum and tumor tissues were collected from 115 patients with CRC and KRAS/BRAF mutations were examined by nested polymerase chain reaction (PCR) and direct sequencing. BRAF mutations were present in 3.5% (4/115) of the primary tumor tissue samples and 0.87% (1/115) of the serum samples. In the 4 primary tumors with BRAF mutations, identical mutations were not observed in the corresponding serum samples (κ=-0.016). KRAS mutations were observed in 32.2% (37/115) of the primary tumors and 11.3% (13/115) of the serum samples. Of the 37 tumor cases with KRAS mutations, 9 had identical mutations in the corresponding serum sample, with a concordance rate of 24.3% (9/37). Discordance was observed in 32 (27.8%) patients. The concordance between KRAS mutations in the primary tumors and KRAS mutations in the matched serums was low (κ=0.231). The results of the present study suggest that the possibility of differences in the mutational status of KRAS/BRAF between primary tumors and matched serum samples should be considered when patients are selected for anti-EGFR-based therapies.
Introduction
Colorectal cancer (CRC) is one of the leading causes of mortality in the world. It was estimated that over 145,000 patients were diagnosed with CRC and nearly 50,000 individuals succumbed to the disease in the USA in 2009 (1). In China, the incidence of CRC is increasing each year. CRC has become the second most common type of cancer in certain regions, such as Shanghai.
Approximately 60% of patients newly diagnosed with CRC in China have an advanced stage of the disease and 50-60% of CRC patients develop metastatic CRC (mCRC) (2, 3) . Chemotherapy prolongs the survival of patients with advanced CRC and high risk stage II patients (4, 5) . The development of cetuximab/panitumumab (monoclonal antibodies directed against the epidermal growth factor receptor) holds promise for patients with CRC (6) . It has been verified that chemotherapy combined with cetuximab/panitumumab improves the overall and progression-free survival rates, compared with chemotherapy alone, but the benefits of cetuximab/panitumumab are limited to the patients with wild-type KRAS (6) (7) (8) (9) . KRAS mutation is an independent prognostic factor in patients with mCRC treated with cetuximab/panitumumab (9) (10) (11) .
The occurrence of KRAS mutations accounts for 30-40% of patients who are nonresponsive to anti-EGFR therapy (12) (13) (14) . This suggests that there are other molecular factors determining the responses to cetuximab treatment. It has been reported that various factors may be associated with response to cetuximab treatment in CRC, including NF-κb, PI3KCA, PTEN and BRAF (15) (16) (17) . Mutation of the BRAF gene is one of factors that cause resistance to cetuximab in patients with the wild-type KRAS gene (18, 19) . Detection of KRAS gene mutation prior to the use of cetuximab in CRC therapy has been recommended by NCCN guidelines. BRAF gene mutation detection is also necessary before the administration of cetuximab therapy. However, for certain patients, it is difficult to obtain tumor samples suitable for the analysis of KRAS/BRAF mutations. Another problem is that cetuximab is currently used mostly for patients with mCRC. Considering 3, 6 and TONGYU LIN the genetic heterogeneity of CRC, the absence of detectable KRAS/BRAF mutation in the primary tumor cannot exclude the presence of a KRAS/BRAF mutation in the metastases (20) . In addition, it is difficult to obtain metastatic tumor tissues for analysis of KRAS/BRAF mutations. It is necessary to identify alternative methods to detect KRAS/BRAF gene mutations in CRC patients treated with anti-EGFR. The detection of KRAS/BRAF mutations in serum or plasma is one of the alternatives and may have clinical relevance before conducting anti-EGFR therapies in patients with CRC. The correlation between KRAS/BRAF mutations in primary tumors and serum has not been well studied. The present study was conducted to investigate the degree of concordance between the KRAS/BRAF mutations in colorectal tumor tissues and those in the matched serum samples. We aim to identify whether the detection of KRAS/BRAF in serum predicts mutations of these genes in the primary tumor tissues of CRC. Sequence analysis was performed by Shanghai Invitrogen Biotechnology Co., Ltd. Guangzhou Office (China). The sequences were analyzed by Chromas and visual inspection of each sequence in forward and reverse directions.
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Materials and methods
Patients
Statistical analysis. Statistical analysis was performed using the SPSS 13.0 software for Windows (SPSS, Inc., Chicago, IL, USA). Chi-square and κ coefficient tests were used to compare the occurrence and the degree of concordance of KRAS/BRAF mutation between tumor and serum samples.
Results
Patient characteristics.
Of the 115 patients, 76 (66.1%) were male and 39 (33.9%) were female. Their median age was 58 years (range, 24-89). A total of 69 (60%) of the primary tumors of the patients were located in the colon and the remaining 46 (40%) were located in the rectum. The tumor stage distribution was as follows: 6.1% (7/ Of the 37 patients with KRAS mutations in the tumor tissue samples, 9 had an identical mutation in the serum sample, with a concordance rate of 24.3% (9/37). However, only 3 of the 9 identical KRAS mutations were located in the same codon. The remaining 6 identical KRAS mutations were located in different codons. A detailed codon distribution of specific KRAS mutations is shown in Table II . Discordance of the KRAS mutation was observed in 32 (27.8%) patients, including 28 patients with a KRAS mutation in tumor tissues but wild-type KRAS in the serum and 4 patients with KRAS mutation in the serum but wild-type KRAS in tumor tissues (Table II) . The KRAS mutation rate in serum samples was significantly different from that in the primary tumor tissue samples in CRC (χ 2 =7.408, P=0.006). The concordance of the KRAS mutation rate between tumor tissue and blood samples was low (κ=0.231; Table III ).
The concordance of KRAS mutation between the primary tumor tissue and the corresponding serum samples was also analyzed according to the tumor stage. Low concordance of KRAS mutation between the primary tumors and the corresponding serum samples was observed regardless of tumor stage (Tables IV, V and VI) . BRAF mutation rate between tumor tissue and blood samples was low (κ=-0.014; Tables II and VII) .
KRAS BRAF Case --------------------------------------------------------------------------------------------------
KRAS in serum ----------------------------------------
Discussion
KRAS and BRAF are members of the MAP kinase (MAPK) pathway, which is hyperactivated in approximately 30% of all cancers (21) . KRAS and BRAF mutations are associated with carcinogenesis and progression and resistance to anti-EGFR-based therapies in CRC (22) . In the present study, KRAS mutation were found in 32.2% of Chinese CRC patients and 5 types of common KRAS mutation were observed. This is similar to the results of previous studies, which found that KRAS mutation occurs in 27 to 50% of CRC patients in western countries (9, 11, 23) . It has been reported that BRAF and KRAS mutations are mutually exclusive (24, 25) . In this study, BRAF mutation was found only in patients with wild-type KRAS. The mutation rate of BRAF was 3.5% in primary tumor tissues, which is lower than that in previous studies; approximately 10% in CRC (19, 22, 26) . This result indicates that Chinese CRC patients with the wild-type KRAS gene may gain greater benefit from cetuximab therapy. There was no significant correlation between tumor stage and KRAS mutation in serum or primary tumor tissue samples, which was similar to previous studies (27, 28) . Previous studies have revealed that apoptosis or necrosis (or both) of tumor cells are the main source of free circulating DNA in serum. Another plausible mechanism was that free circulating DNA was actively released by living cells (29) . Therefore, it is possible that the detection of KRAS/BRAF gene mutations in serum reflects their status in the primary tumor tissues. If there is high degree of concordance between the KRAS/BRAF mutation in serum and primary tumor tissues, the detection of KRAS/BRAF mutation in tumor tissues may be substituted by the detection of gene mutations in serum samples, since obtaining peripheral blood samples is noninvasive and convenient in comparison to tumor tissue samples.
In the present study, we first evaluated the degree of concordance between KRAS and BRAF mutations in serum samples and those in the primary tumor tissues in cases of CRC. Notably, no identical BRAF mutations were found between the serum samples and the matched primary tumors. The rate of KRAS mutation was 11.3% (13/115) in serum samples. The concordance of KRAS mutation rate between tumor tissue and blood samples was low.
Our results were similar to those of the study by Tórtola et al, which found that KRAS mutations were found in 17 primary tumor tissues and 6 bone marrow samples. Of the 17 KRAS mutations in the primary tumor tissues, 15 were located in codon 12 and 5 of the 6 mutations in bone marrow samples were located in codon 13 (30) . We found that only 3 of the 9 identical KRAS mutations were located in the same codon, while the remaining 6 identical KRAS mutations were located in different codons. Albanese et al also reported a discordance between KRAS mutations in primary colorectal carcinomas and matched liver metastases (31) . Another study on CRC revealed that the frequency of KRAS mutations in metastatic lymph nodes was higher than that in the primary tumors (22) . Discordance of KRAS mutation was observed in 9 patients, including 2 patients with KRAS mutation in the primary tumor tissue but wild-type KRAS in metastatic lymph nude and 7 patients with KRAS mutation in metastatic lymph nodes but wild-type KRAS in the primary tumor tissues (22) . Similar phenomena were also observed in non-small cell lung cancers (NSCLC). Discordance of EGFR mutations between primary tumors and the matched metastatic tumors or the corresponding serum samples have been reported in several studies (32) (33) (34) . These results indicate that the analysis of EGFR mutations in the primary lung tumor tissues would be inadequate for the utilization of tyrosine kinase inhibitors (TKIs) for advanced NSCLC.
In our study, patients with stage I to IV disease were included. KRAS mutation may be detected in CRC patients ranging from early (dysplastic adenoma) to mCRC (35) . Yen et al reported that KRAS status in the primary colorectal tumors was highly concordant with that in circulating tumor cells (CTCs) in mCRC patients (36) . We also analyzed the Table VI . Correlation between KRAS mutation in serum and stage IV primary tumor tissues. concordance of KRAS mutation between the primary tumor tissue and the corresponding serum samples according to the tumor stage. The concordance of KRAS mutation was higher in cases of mCRC than in patients with early stage disease. We failed to find a high degree of coincidence of KRAS mutation even in mCRC. This may partially be explained by the insignificant increase in the prevalence of serum mutant KRAS positivity with advancing disease stage (35) The results of the current study and previous studies indicate that circulating DNA or disseminated tumor cells are not always clonal with the primary tumors and a certain level of heterogeneity exists (29) . Another possibility is that a KRAS/BRAF mutation may be acquired during the process of metastasis (24) . The tumor tissues that carried mutations shed less DNA into the plasma than the other parts of the tumor tissues, in which case the detection of such mutations in the plasma may be missed. In addition, the released DNA in the plasma is diluted, which impedes the detection of mutations in plasma DNA despite of the presence of mutations in tumors (32) . The discordant KRAS/BRAF mutations may partially account for the fact that certain CRC patients with wild-type KRAS/BRAF in primary tumors fail to respond to cetuximab or panitumumab therapies. These results also suggest that the analysis of KRAS/BRAF mutation in the primary tumor tissues would not be adequate before performing cetuximab and panitumumab therapies in patients with CRC.
In conclusion, we have demonstrated that circulating KRAS/BRAF mutations in serum are not always consistent with those in the primary colorectal tumors. The resistance of certain CRC patients with wild-type KRAS/BRAF to cetuximab-or panitumumab-based therapies may be partially caused by the discordant KRAS/BRAF mutations. We believe that detection of KRAS/BRAF mutation only in the primary colorectal tumor is not adequate before cetuximab and panitumumab therapies. Expanded studies with prospective clinical trials with a larger number of CRC cases are needed in order to establish the clinical correlation between the mutation of KRAS/BRAF in serum and the efficacy of anti-EGFR-based chemotherapies.
